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OCCURRENCE OF PHOSPHAMIDASE ACTIVITY IN KERATINIZING
EPITHELIA*
J. MEYER, Pu. D. AND J. P. WEINMANN, M. D.
A survey of the distribution of phosphamidase in rat tissues showed certain
strata of keratinizing epithelium to be among the sites of maximal activity of
this enzyme (1). Two considerations caused the present more detailed study of
keratinizing epithelia to be undertaken. First, the process of cell keratinization
has remained obscure in many respects, and no enzyme systems specifically asso-
ciated with it have as yet been demonstrated. Secondly,. phosphamidase has
been shown to be of importance in connection with cancer since the time when
Gomori first devised a method for showing it in tissue sections (2, 3). Cancerous
cells of human epidermal, cervical and oral epithelium show high phosphamidase
activity, whereas adjacent normal cells are free of the enzyme. Gomori believed
phosphamidase to be entirely absent from skin and other stratifying epithelia
(personal communication). This evidently is not the case. It seemed, however,
important to establish its precise distribution and to study its role in normal
covering epithelia with the improved histochemical technique now available.
MATERIAL AND METHODS
The distribution of phosphamidase was studied in histological sections of the skin of the
cheek, the buccal oral mucosa, dorsal and ventral aspect of the tongue, esophagus, and fore-
stomach of male albino rats of the Sprague-Dawley strain, 150 days of age. In some in-
stances, sections from rats 100 days of age were studied in addition. Phosphamidase activity
was demonstrated using the modification of Gomori's technic previously described (4, 1), in
which enzyme activity is visualized as lead sulfide precipitate. All test sections were con-
trolled by adjacent serial sections mounted on the same slide but subjected to inactivation
of the enzyme by prior immersion in RI-I2 solution.
Evaluation of results: The agreement between duplicate tests was excellent for
the most active sites, e.g. the keratohyaline granules. For feebly active sites,
duplicate incubations showed somewhat variable distribution and intensity of
staining. Instances of precipitate in nuclei were seen only in feebly active cells
but not in cells showing high levels of activity. It therefore appears probable
that nuclear staining was a diffusion artefact.
Precipitate in the most active sites was observed in 1.0 hrs. of enzyme action.
By 2.0 hrs. time of enzyme action, the amount of precipitate capable of adhering
at these sites seemed to have been reached, and they showed no further increase
in intensity of staining. The number of enzyme active cells increased up to
2.5—3.0 hrs. of incubation; from 3.0 hours on, no fresh sites showing precipitate
were observed upon longer incubation. In order to minimize diffusion and im-
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pregnation artifacts, incubations were therefore limited to 3.5 hrs. of enzyme
action.
The control sections in which the enzyme had been inactivated showed non-
enzymatic staining to occur in three structural elements: nucleoli, kerato-hyaline
granules and the most superficial layer of the keratinized zone. The artefact im-
pregnation of nucleoli and kerato-hyaline granules never exceeded a light shade
of yellow and could be ignored in view of their high level of enzyme activity. The
intensity of artefact impregnation of the keratinized zone varied in different
regions. It was maximal in the keratin of the esophagus and minimal in the kera-
tin of skin, buccal mucosa and tongue. Except for esophagus and forestomach
there was little excess of staining in the intact sections. In these two regions, the
keratinized zone probably has some phosphamidase activity, but its degree is
difficult to evaluate.
Except for the qualifications made, lead sulfide staining on the test sections
was taken to indicate phosphamidase activity.
FINDINGS
1. Epidermal epithelium of cheek. (Figs. 1 and 8). None of the basal cells of the
epidermis showed phosphamidase activity at any time. Up to 2.5 hrs. of enzyme
action, the spinous cells showed no activity; at 3.0 hrs., some of the large periph-
eral spinous cells showed some precipitate surrounding their nuclei. The granular
zone was a highly positive region. Activity was visible in all cells with large
granules from 1 hr. of enzyme action on, but was confined to the kerato-hyaline
granules themselves. With longer incubation time, the amount of precipitation
on the granules increased and made them appear larger. The nucleus was free of
precipitate except for the very active nucleolus. The keratin layer was free of
the enzyme except for a few loose flakes at the surface. The basement membrane
was feebly enzyme-active.
Sections of epidermis from the same region in 100 day old animals showed the
epithelium in the younger animals to have a higher rate of cell division, larger,
more coalescent kerato-hyaline granules and a thinner zone of keratin. The level
of phosphamidase activity was as high as in the older animal, and the distribu-
tion was the same, that is, phosphamidase was confined to the kerato-hyaline
granules.
2. Epidermal epithelium of lip. In the rat the skin folds toward the oral cavity
at the angle of the mouth. In this region the epidermal epithelium is three to four
times as thick as the epithelium of the skin of the cheek, but the keratinized
zone is of about the same thickness as in the skin.
As in the epidermal epithelium, the highest concentration of precipitate wa
seen in the kerato-hyaline granules of the granular layer (Fig. 2). Some of the
nuclei of the spinous cells were positive after 2.5 hrs. of enzyme action. The
basal cells, inner spinous cells, and the keratinized layer were free of precipitate
even in 3.5 hrs. of incubation. The basement membrane was more phosphamidase-
positive than in the skin.
3. Parakeratotic epithelium of buccal mucosa. (Fig. 3). The buccal mucosa con-
tained a region of parakeratotic epithelium close to the lip.
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Phosphamidase activity was almost absent in this area. Up to and including
2.5 hrs. of enzyme action, none of the cells showed enzyme activity. Only after
three hours of enzyme action could moderate degrees of staining be seen in the
nuclei of outer spinous cells and in the cells of the compressed layers near the
surface. The basement membrane showed considerable activity.
4. Keratinized epithelium of buccal mucosa. (Fig. 4). For the most part, the
buccal mucosa consists of keratinized epithelium. In the keratinized parts of the
buccal mucosa as in the skin the precipitate was confined to the granules of the
granular layer, and enzyme activity was of the same high order. The basement
membrane was more positive than in the skin but less than in the parakeratotic
region of the buccal mucosa.
5. Epithelium at ventral surface of the tongue. The sections studied were cut in
the frontal plane between the anterior and middle third of the tongue. In this
area the epithelium is thicker than the epidermal epithelium but varies some-
what due to different numbers of spinous and granular cell layers.
Enzyme activity was absent in the basal cell layer and in the inner one or two
layers of spinous celLs. In the more peripheral spinous cells, the distribution of
phosphamidase was variable. In some areas, none of the spinous cells showed
precipitate, in others, two to four layers were free, but the cells closest to the
granular layer were phosphamidase positive (Figs. 5 and 9).
Activity was maximal in the center of the granular layer, where the entire
cytoplasm was heavily stained. These cells in the center of the granular layer
offered one of the neatest examples of intracytoplasmic localization (Fig. 9).
The nuclei were entirely free, nuclear and cytoplasmic membranes stood out as
sharp boundaries. The entire cytoplasm was covered by a uniformly thick layer
of precipitate, which decreased towards the edges only when these were drawn
out to a point. Occasionally the precipitate had a vacuolated appearance, similar
to that of the eosin-stained cytoplasm in alcohol-fixed specimens. In the most
peripheral granular cells, the precipitate was confined to the kerato-hyaline
granules.
In the thinner parts of the epithelium, the only enzyme containing structures
were the kerato-hyaline granules. The keratinized zone was free of phosphamidase
in the entire epithelium of the ventral surface, with the exception of traces on
the surface.
6. Epithelium of the dorsal surface of the tongue. (Fig. 6 and 10). In the region
studied, the back of the tongue carries closely spaced simple conical papfflae. The
covering epithelium consists of an alternation of regions modified into epithelial
components of the papillae and of covering epithelium between papillae.
In the interpapillary stretches the epithelium is similar to the epithelium on
the ventral surface and showed the same distribution of phosphamidase. None
of the basal cells and none of the spinous cells in the deeper 3—4 cell layers showed
precipitate. Outer spinous cells in the fourth to seventh layer were heavily posi-
tive and showed a sharp intracytoplasmic localization. The same distribution
over the entire cytoplasm, but more intense staining, was found in the inner to
central cells of the granular layer. Except for the nucleolus, the nuclei were free
of precipitate in both spinous and granular cells. In the most peripheral layers of
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granular cells, precipitate was confined to the kerato-hyaline granules. The
keratinized zone was free of precipitate.
In the epithelium of the conical papillae, the basal cells were again free of
precipitate, as were also the deepest two rows of spinous cells. The entire upper
part of the cone of spinous cells and the granular cells were highly enzyme active
and showed precipitate in the entire cytoplasm. The staining gradually decreased
in intensity towards the periphery of the granular layer. The horny spine of the
papilla was free of phosphamidase.
7. Epithelium of the esophagus (Figs. 7 and 11). The epithelium of the esopha-
gus in the rat is a keratinizing epithelium. It is made up of a basal layer, one
to three layers of spinous cells, one to three layers of granular cells and a zone
of keratin of the same width as the cellular part of the epithelium. The cyto-
plasm of the spinous cells stains only faintly with eosin, the cells have pale nuclei
and indistinct intercellular bridges. The granular cells contain only few and
small kerato-hyaline granules; granulation increases only slightly towards the
surface. The keratin is composed of wavy flakes of material showing eosin stain-
ing of greatly variable intensity and interspersed with flakes which are stained
by hematoxylin. Loose or torn-off flakes of keratin are seen in the lumen.
Phosphamidase at the site of maximal activity was as concentrated as in the
preceding areas. The basal layer was entirely devoid of enzyme activity, even at
long hours of enzyme action, when it was closely encroached upon by highly
positive spinous cells above and by a positive basement membrane from below.
Maximal staining in this epithelium occurred in the spinous layer. At 3 hours of
enzyme action, many of the inner and most of the outer spinous cells had a thick
layer of precipitate with free nuclei and sharp intracellular localization. Because
of the paucity of granules, the granular zone appeared far less active than the
spinous zone, activity being limited to the granules themselves. In these it was
as high as in the kerato-hyaline granules in all other regions. Flakes of material
in the keratin zone may have some enzyme activity. Because of artifact impreg-
nation by lead sulfide seen on inactivated sections, it is difficult to evaluate
degree and distribution of the enzymatic staining in the keratin flakes.
8. Epithelium of forestomach. The epithelium along the major curvature of the
rat stomach is of keratinizing stratified squamous type for about a half centi-
meter, then thins out from 10 cell layers to a single one within the orbit of one
oil immersion field. The remaining layer is continuous with the single-layered
high columnar epithelium of the stomach (B in Fig. 12), which it joins at a sharp
angle (at A in Fig. 12).
In the region of transition to columnar epithelium, the epithelium is very
thick, and its stratification is atypical. A basement membrane is absent. Cells
which are indistinguishable in their morphology, arrangement and orientation
from basal cells occupy two to six cell layers. Peripheral to them are cells which
are intermediary in diflerentiation between spinous and finely granular cells.
Only near the peripheral parts of the cells are fine kerato-hyaline granules. The
most superficial cell layers contain more distinct, but still small and sparse
granules. The zone of keratin is narrow and stains unevenly with hematoxylin
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and eosin. A few similar foci of atypical stratification occur in the more rostrally
located epithelium.
In the epithelium of typical stratification at the oral end of the forestomach,
enzyme activity in incubations lasting up to 2.5 hours was limited to the kerato-
hyaline granules of the granular layer, the nucleoli of all cells, and the basement
membrane. At longer times of enzyme action, precipitate was seen in addition in
the spinous cells just below the granular layer and in flakes of keratin at the
periphery. At no time was precipitate found in the inner layers of spinous cells
or basal cells.
The epithelium of the transitional stretch and in the scattered foci in which the
basal cells form more than one layer showed enzyme activity chiefly in the multi-
pie layers of cells resembling basal cells. At 2 hours of enzyme action, all such
cells had precipitate of moderate thickness over their entire cytoplasm; the nuclei
were predominantly free, the nuclear membrane clearly outlined. Peripheral to
the multiple layers of "basal" cells was an enzyme-free zone of spinous and inner
granular cells. In the peripheral granular cells, the kerato-hyaline granules were
weakly positive. At longer incubation, the enzyme-free zone between "basal"
cells and outer granular cells decreased in width because precipitate appeared in
deeper granular and some outer spinous cells.
The stretch of tall columnar epithelium between the stratified epithelium and
the gastric crypts was highly positive. The precipitate in these cells had the same
distribution as in the lining cells of the small intestine. The stunted glands under-
lying this area were less enzyme active than the mixed fundic type glands farther
caudally.
DISCUSSION
A previous study (1) showed that the distribution of phosphamidase in epi-
thelial cells was complementary to that of ribonucleic acid. The enzyme is con-
centrated in specialized cells which perform physico-chemical "work", in cells
which synthesize nonprotein compounds, and in differentiating cells. It was
postulated that phosphamidase in epithelia (and also in nerve tissue) facilitates
the utilization of energy in the service of certain specialized functions.
Phosphamidase had high activity at all sites of histodifferentiation in the adult
animal (differentiating stages in the spermatogenic sequence, transitional, in-
testinal, respiratory epithelium). Whereas in embryonic tissues alkaline phospha-
tase appears to play a major role in processes of tissue differentiation (5), it
appears to be commonly absent from such sites in the adult. It is possible that
phosphamidase plays a similar role in histodifferentiation in the adult as alkaline
phosphatase plays in the embryo.
Since the keratinization of stratified epithelium is one of the main processes of
histodifferentiation which persist in the adult animal, the occurrence of phospha-
midase in certain strata of these epithelia is in accord with the general participa-
tion of this enzyme in cellular differentiation. This, however, raises the question
in which of the known or hypothetical processes of keratinization phosphamidase
might play a role.
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Possible Role of Phosphamidase in Keratinization
All keratinizing cells went through a stage in which they became highly phos-
phamidase-active. This occurred when the cells had reached the post-mitotic
stage of differentiation and were in the granular layer or approaching it. The
enzyme-active stage was preceded and followed by stages in which the enzyme
was not demonstrable. In the parakeratotic epithelium, where the cells did not
pass through a granular stage, a low degree of activity was reached in the outer
third of the cellular part. In the junctional segment of the forestomach epi-
thelium, where the stratification was atypical and multiple layers of basal cells
were present, these were phosphamidase active, but in the subsequent stages of
development enzyme activity was not demonstrable and reappeared only in the
outermost spinous cells or in the granular layer.
In or near the zone in which phosphamidase activity sets in, the differentiation
of the cells into particles of surface keratin is advanced by at least three processes.
These are (1) dehydration, (2) disintegration of nuclear and cytoplasmic sub-
stances, and (3) increase in the cohesiveness of neighboring polypeptide chains.
If one holds that keratin molecules are synthesized in peripheral cells and not
only in the germinative layer, the synthesis of keratin occurs in addition to the
other three processes. Furthermore, two biochemical processes unrelated to
keratinization, the synthesis of cholesterol (6) and the synthesis of urea (7), are
known to take place in epidermal epithelium. The site of cholesterol synthesis is
unknown, the site of urea formation appears to be in the peripheral parts of the
germinative layers. Whether either of these processes also occurs in oral or
esophageal epithelium is unknown.
By analogy with its functional associations in other tissues, phosphamidase
could be involved in the three keratinizing processes and also in cholesterol and
urea synthesis, but is not likely to participate in the synthesis of keratin.
Dehydration in the skin has first been postulated by Rothman and Schaaf (8)
to involve the active transfer of the intracellular water of the postmitotic cells
across a layer which resists the passage of electrolytes. The surface keratin itself,
although having a much lower water content than living tissue, is considered to
be in equilibrium with the atmospheric moisture; the resistant layer is held to
be the stratum lucidum or cell layers in a corresponding region when such a
stratum is not differentiated ("transitional layers"). Rothman (9) restates this
view in 1954, but considers the mechanism to be unexplained. An abrupt change
in water content in the region of the granular layer has been confirmed by
Moberger's (10) historadiographic studies.
A role of phosphamidase in active transfer in the skin is entirely plausible
because of its high level of activity in all epithelial cells specialized for active
transfer. Water transfer against a steep concentration gradient and a high level
of phosphamidase activity are found together in the cells of the distal convoluted
tubules of the kidney, where the final withdrawal of water from urine takes
place.
Disintegration of nuclear and cytoplasmic material. The degree of breakdown of
nuclear and cytoplasmic constituents and the quantitative disposal of the break-
down products are unknown. The presence of free amino acids (11), phospho-
lipids (12) and purine derivatives (13) in the keratin zone shows that disintegra-
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tion occurs and that breakdown products reach the periphery. Discarding or
saving of nuclear and cytoplasmic constituents may well be an at least partially
regulated process. Phosphamidase may play a similar role in the sorting out of
cell constituents in the granular layer as it seems to play during spermiogenesis.
Increase in cohesiveness has been shown by Rudall (14) to occur also in the f or-
mation of the "soft" keratins of covering epithelia. Rudall ascribes it to the same
mechanism which is assumed for the hard keratins, that is, the closure of disulfide
bonds between neighboring chains. The conversion of methionine to cysteine also
occurs in soft keratins although it is not complete. Phosphamidase activity may
be associated with these processes.
Keratin synthesis. There is no agreement on whether there is de novo synthesis
of keratin in peripheral cell layers, but if it takes place it is not likely that the
presence of phosphamidase is connected with it. Rudall's work has shown that
"epidermin", the bulk of the water-insoluble proteins of the inner third of epi-
dermal epithelia, has the same x-ray pattern as the members of the a-Keratin
group, and the same sulfur content as the insoluble proteins of the most peripheral
cellular portion of the epithelium. Epidermin may be identical with, or only
include, the tonofibrils of the deeper layers, which also have the a-Keratin pat-
tern. To what degree epidermin may be fragmented and rebuilt into the final
keratin molecules of the surface is not established. The fact that the basal cells
and the bulk of the spinous cells, which synthesize "epidermin", are free of
phosphamidase, shows that synthesis of a-Keratin like synthesis of other pro-
teins, e.g. in the pancreas, can proceed in its absence.
Cholesterol synthesis. In addition to playing a role in the maturation processes
to which epidermin is subjected, phosphamidase may also subserve cholesterol
and urea synthesis since it was found concentrated in all cells synthesizing non-
protein substances.
Significance of Phosphamidase in Kerato-hyaline Granules
With the exception of the parakeratotic epithelium, a granular stage was
present in every region studied.
The granular layer was compact and constituted no more than a fourth of the
total number of cell layers in the epidermal epithelium of the cheek, in the
keratinizing parts of the oral epithelium of the cheek, in scattered small regions
at the ventral surface of the tongue, and in most of the epithelium of the fore-
stomach. In these areas, the kerato-hyaline granules were large and abundant,
occupying nearly all of the cytoplasmic space in the central cells of the granular
layer and a large fraction of it in the deeper and the more peripheral granular
cells. The occurrence of phosphamidase was confined to the kerato-hyaline
granules themselves in all regions which had this type of granule formation.
In the remaining epithelia, the granular layer occupied a wider zone, but the
granules were smaller and less numerous. Not only the amount per cell, but also
the total amount was small, when the kerato-hyaline granules were dispersed
over several cell layers. Size, number, and degree of dispersal of the granules
differed in different regions. In the order of closest resemblance to the compact
arrangement of the first mentioned group, the epithelia of the forestomach and
lips rank first, those of ventral and dorsal surface of the tongue next. The smallest
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total, smallest size and widest dispersal were in the esophageal epitheliuin. The
dispersed kerato-hyaline granules of these epithelia were phosphamidase-active
like the compact kerato-hyaline granules of the first mentioned group, but the
enzyme was not confined to the granules. Its distribution varied with the degree
of dispersal of the granules. In the epithelium of the forestomach and lip, outer
spinous cells were enzyme-active in addition. In the epithelia of the tongue, the
whole cytoplasm of outer spinous cells and of inner granular cells was enzyme
active. In the epitheliurn of the esophagus, all superficial and many deeper
spinous cells were enzyme-active in addition to the kerato-hyaline granules.
The total width of the epithelia, the rates of cell turnover, and the absolute
and relative width of the keratin zones varied considerably. There was no simple
relationship between any of these traits or one of them and the distribution of
the kerato-hyaline granules.
Since regions of compact and dispersed distribution of kerato-hyaline granules
may alternate in one and the same epithelium and are not associated with dif-
ferences in staining or width of the keratin zone, it may be that such variations
are not of fundamental significance. If the end stages are microscopically indis-
tinguishable zones of keratin, the preceding keratinizing processes may be
similar also. The final stage is visibly different only when kerato-hyaline granules
are entirely absent, as in the parakeratotic region of the buccal mucosa. For the
other epithelia it would seem that keratinizing processes may in some regions be
located predominantly or exclusively in the kerato-hyaline granules, but in
other regions occur predominantly outside the granules. The variations in phos-
phamidase distribution may be considered as evidence supporting such a con-
clusion. Phosphamidase could play a role in condensing processes such as the
removal of water and of nuclear and cytoplasmic constituents and the tighter
packing of the epidermin molecules. Where kerato-hyaline granules alone have
phosphamidase activity, the entire epidermin that was formed iii the germinative
layers may have been gathered into granules. Where the entire cytoplasm has
phosphamidase activity, epidermin may have remained diffusely distributed in
the cytoplasm and be subjected to condensation without forming visible particles.
Where, on the other hand, phosphamidase activity is nearly absent, the matura-
tion processes may be deficient and fail to lead to the formation of a surface zone
of keratin.
Significance of Phosphamidase in Basal Cells
There was one epithelial region among those included in the present study in
which cells of the basal layer contained phosphamidase. This was at the junction
between the simple columnar intestinal epithelium and the stratified keratinizing
epithelium of the forestomach. Lendrum (15) has pointed out that the human
gastric glands in the region of the cardia are stunted and has ascribed their de-
fective development to the inhibitory influence of the neighboring esophageal
epithelium. In the rat, the gastric glands underlying the junctional epithelium
were found similarly stunted. But, judged by the atypical stratification and weak
keratinization, a mutual inhibitory influence may obtain. The basal cells in this
region may be intermediary in differentiation between the typical columnar cells
of the intestine proper, which are highly phosphamidase active, and typical
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basal cells of a stratified squamous epithelium. This might account for their
phosphamidase content and for the delayed differentiation into spinous cells.
This region, whatever the cause, was the only one where phosphamidase was
found in basal cells and cells in the location of inner spinous cells.
In cases of advanced human leucoplakia and carcinoma in situ, the basal and
spinous cells of the affected regions were found to have high phosphamidase
activity like the cells of a carcinoma (2, 3). They appeared much like the outer
spinous and granular cells of Fig. 9 and 10. The probable function of phosphami-
dase in the cells of keratinizing epithelia is to provide these cells with a mecha-
nism which makes the rapid utilization of energy possible. The presence of phos-
phamidase in an epithelial cell may be taken to indicate that the cell is equipped
to use energy at a high rate. But whereas in the normal covering epithelia this
mechanism is confined to the cells in postmitotic stages of differentiation, in the
cancerous and precancerous lesion it occurs in cells capable of proliferation.
SUMMARY
Stratified squamous epithelium of skin and various mucous membranes of
Sprague-Dawley rats 150 days of age was incubated for demonstration of phos-
phamidase activity. Enzyme activity was allowed to go on for periods of between
1.0 and 3.5 hrs., using a technic previously described.
All keratinizing epithelia were found to contain a phase of high phosphamidase
activity, usually when the cells reached the granular or outer spinous layer.
Kerato-hyaline granules were either confined to a narrow stratum and occupied
the bulk of the cytoplasm, or were dispersed over a wide zone and were small and
sparse. In areas having the first arrangement, phosphamidase activity was found
confined to the kerato-hyaline granules. In areas having the second arrange-
ment, phosphamidase activity was found diffuse in the cytoplasm of outer
spinous and granular cells.
The enzyme phosphamidase appears to be part of a mechanism which makes a
high rate of energy utilization possible. Comparison of the biological processes in
other tissues of the rat in which high phosphamidase activity plays a role with
the processes which take place in or near the granular layer makes it likely that
in keratinizing epithelia phosphamidase subserves one or more of the condensing
processes (like the withdrawal of water, the removal of cellular constituents, and
the formation of disulfide bonds) to which the fibrillar protein is subjected when
it becomes part of the keratinous zone.
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Plates I—ITT Microphotographs of different areas of stratified squamous kern-
tinizing epithelia, incubated for demonstrating phosphamidase activity and briefly
counterstained with hematoxylin.
Plate I: Figs. 1—4 and 6: 2.5 hrs. incubation
Figs. 5 and 7: 3.0 hrs. incubation
Figs. 1—6: Magn. X270
Fig. 7: Magn. X100
Fjo. 1. Skin (cheek). Note the heavy precipitation in the stratum granulosum and the
erratic staining in the most superficial flakes of the stratum corneum.
Fig. 2. Keratinized epithelium of the transitional zone of the lip. Note the heavy precipi-
tation in the stratum granulosum, in some of the spinous cells and in the basement mem-
brane.
FIG. 3. Parakeratotic epithelium of buccal mucosa close to the lip. Note the heavy precipi -
tation in the basement membrane and the absence of precipitation in all layers of the epi-
thelium.
Fig. 4. Keratinized epithelium of the buccal mucosa. Note the heavy precipitation in the
stratum granulosum and moderate precipitation in the basement membrane.
FIG. 5. Keratinized epithelium at the ventral surface of the tongue. Note in the area to
the right the heavy precipitation in outer spinous cells and in the granules of the stratum
granulosum; in the thinner area to the left the spinous cells are free of precipitate.
FIG. 6. Epithelium at the dorsal surface of the tongue. Note the heavy precipitation in
the outer spinous cells and stratum granulosum of both the conical papillae and inter-
papillary epithelium.
FIG. 7. Keratinized stratified squamous epithelium of the esophagus. Note the heavy
precipitation in the spinous cells and in the superficial flakes of the keratin.
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PLATE II: Incubation time 3.0 hours, Magn. X562
Note the even intra-cytoplasmic distribution of the precipitate, absence of pre-
cipitation in nuclei and intercellular spaces. Note presence of precipitate in nude-
oh of phosphamidase containing and phosphamidase-free cells and in the
keratohyaline granules.
Fig. 8. Skin of cheek.
FIG. 9. Keratinized epithelium of ventral surface of tongue.
Fig. 10. Epithelium of dorsal surface of tongue.
Fig. 11. Epithelium of esophagus.
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PLATE III: Incubation time 2.5 hours
Fie. 12. Area of junction (A) between stratified squamous epithelium of the forestomaeh
and cylindrical epithelium (at B) of the stomach. Note the heavy precipitation in the
parietal cells. Magn. X81.
Fie. 13. Area of forestomach near junction to esophagus. Note the heavy precipitation
in the stratum granulosum, the superficial flakes of the stratum corneum, basement mem-
brane, and nucleoli of all cell layers. Magn. X182.
FIG. 14. Area of forestomach as indicated in fig. 12 (I). Note the similar distribution of
phosphamidase as in fig. 13. Magn. X182.
Fie. 15. Area of forestomach as indicated in fig. 12 (II). Note the heavy precipitation in
the basal and adjacent cell layers. The stratum granulosum is phosphamidase-positive. The
basement membrane appears free of phosphamidase activity. Magn. X182.
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